Abstract: Background: Studies indicate that people with a mental disability are less engaged in physical activity than their peers. The published data was mainly collected from oral feedback and the measurements taken from the use of pedometers. People with a mental disability engage in different types of physical activity, not only walking. The intention of this study was to assess physical activity using an accelerometer during a Special Olympics competition. Objective: To measure the physical activity of athletes with a mental disability during the Special Olympics national program using an accelerometer and to analyze the level of physical activity in relation to different disciplines, and in accordance with the gender of the participants. Methods: 75 athletes with a mental disability (50 males and 25 females) wore a GT3X ActiGraph to record their physical activity levels for two days during the Athletics Games in Olomouc, Czech Republic. Results: (1) The physical activity levels of the athletes met the published guidelines; (2) athletes who participated in both track and field events do not have higher energy expenditure than those participating only in field events; (3) athletes with a greater sporting ability are more physically active; (4) male athletes do not have a higher physical activity level. Conclusion: Regarding the level of physical activity, the local Special Olympic program is beneficial for people with a mental disability.
Introduction
 Engagement in PA (physical activity) is a healthy behavior that has a positive impact on body composition, skeletal health and several aspects of psychological health, including self-concept and self-esteem. These health benefits include decreased mortality rates, lower incidence of developing diseases, enhancement in conditions such as hypertension, diabetes and obesity, improvement in mood and well-being, and the lessening of functional decline [1] .
International government agencies and research groups have published guidelines on the amount of PA people should participate in. They state that people should participate in at least 30 minutes of moderate intensity PA each day [2, 3] . In addition, it is recommended that we perform 20 minutes of continuous vigorous activity at least three days a week to improve cardiovascular health [4] . The PA behavior of adults with a mental disability, consistent with the U.S. Surgeon General's recommendation, is 30 minutes of moderate intensity PA five or more days per week. More specifically, moderate activity includes large muscle group activities, which is equivalent to brisk walking, dancing and yard work; with vigorous activity including repetitive large muscle activity at an intensity equal to 70 % of the age-predicted maximum heart rate (e.g., jogging and lap swimming).
There are findings which suggest that people with disabilities are less active than the general population [5] . Related to a categorical approach [6] , the presented research is oriented towards adults with a D DAVID PUBLISHING mental disability. The term "mental disability" is used, despite the use of the term "intellectual disability" in the English language or "mental retardation" used by the Special Olympics organization up to 2008 [7] . The reason is relevant to the definition by the World Health Organization [3] which states that "mental disability refers to substantial limitations in present functioning. It is characterized by significantly sub-average intellectual functioning, existing concurrently with related limitations in two or more applicable adaptive skill areas: communication, self-care, home-living, social skills, community use, self-direction, health and safety, functional academics, leisure and work. Mental disability manifests itself before age 15." The definition suggests that disability is not only apparent in the cognitive and intellectual domain, but transcends a person's whole personality [8] . The PA inactivity issue has been studied since the 1970s [6] , e.g., Cratty [9] and Kephart [6] . The main idea presented was: "movement is the basis for intellectual development." He discussed a lot of motor features relevant to the maturation of the CNS (central nervous system) or "brain maturation", such as motor exploration, reflex and postural adjustment, balance, laterality and directionality and body image. He began to compose perceptual motor development programs to test and evaluate general child development and/or children with developmental delay [6] . The issues of mental disability, PA and other associated problems like congenital heart defects, muscle hypo-tonicity, joint hypermobility, low cardiovascular fitness and decreased muscle strength are well documented [10] [11] [12] [13] [14] . Taking this into consideration, participation in regular PA by people with a mental disability is essential for their health; however this is not the reality. Physical inactivity of persons with a mental disability in relation to fitness, risk to health and obesity was examined by Fernhall et al. [15] , Onywadume [16] , Robertson et al. [17] and Yamaki [18] .
Studies indicate that people with a mental disability are less engaged in PA, more sedentary and less likely to be physically fit than their peers [19] [20] [21] [22] [23] [24] . It is reported that 56% of people with disabilities do not engage in any leisure time activity, compared to 36% of people without disabilities [2] . Less than 20% of adults with disabilities engage in vigorous activities that promote fitness or muscular strength [2] . Stanish et al. [25] found that the major sources of PA for adults with a mental disability were walking and cycling, chores and work, dancing and the Special Olympics. Walking was by far the most prevalent form of PA, but studies suggest the intensity may not be sufficient to meet the minimum recommendations to achieve health benefits [23, 25] . Findings from research carried out on Czech Special Olympians documented that both adolescent males and females spent approximately 7.5% or 53 minutes of their day partaking in moderate physical activity [8] .
Meanwhile, in a pilot study by Shields et al. [26] , almost 58% of children with a mental disability, particularly with Down syndrome, did not perform the recommended amount of PA to maintain good health, and none performed the recommended level of continuous vigorous PA to enhance cardiovascular fitness. A significant inverse association was found between the amount of activity undertaken and age, with older children taking part in less activity. Nevertheless, people with a mental disability have a lower VO 2 peak than those without a disability; therefore the levels for moderate and vigorous activity of the average person may not be appropriate for the mentally disabled [17] .
Pitteti et al. [27] assessed the fitness of adult Special Olympic participants. In 2010, they compared the advantages and disadvantages between using a classic pedometer and an accelerometer in children aged 6-10 [28] . A pedometer is used for taking measurements when walking, whereas an accelerometer is used for other activities besides walking. Children with a mental disability engage in different types of PA, not only walking. Until recently, there have been no studies that validate the use of an accelerometer for people with a mental disability during an exercise program intervention. Therefore, it is necessary to find out if a well-planned exercise program, like the Special Olympic Local/National Program, can help to enhance the fitness of people with a mental disability, and help them establish a good daily routine of the recommended amount of PA. In the meantime, it can assist health professionals involved in disease prevention to develop strategies that will enhance the participation in physical activities of people with a mental disability.
The Objective of the Study
The objective of this study is to measure PA using an accelerometer in athletes with a moderate level of mental disability during a SONAC (Special Olympics National Athletic Competition), and to analyze the level of PA in relation to different disciplines (events) and the gender of participants. This will be done with the intention to provide detailed information that can be used for optimizing the PA routine of people with a mental disability. In order to meet the objective, the PA levels of Special Olympic athletes taking part in a local program were measured over two days: (1) to determine if they satisfied published guidelines on PA levels; (2) to determine the differences in PA levels between genders, between different types of activities and between the different intensities of the events, by comparing energy expenditure, intensity and the duration of PA.
Methods

Participants
Participants were recruited for the SONAC in the city of Olomouc, Czech Republic, in August 2009 (Table 1) . Ninety-seven Special Olympic athletes with a moderate mental disability (IQ scale points approx. 40-70) were invited to participate in this study during the four day competition, by wearing an accelerometer to record their PA levels. Only two days of athletic competition (1st day preliminary, 2nd day final) were analyzed. Athletes were aged from 13 to 48 years and all of the experienced Special Olympians have a minimal three years training. One third of them were female (25) and two thirds were male (50).
Seventy-five athletes' data was useable, mainly for two reasons: (1) some athletes would not tolerate wearing an accelerometer, so the data was incomplete;
(2) some participants' record sheets were not completed properly, and therefore it was not possible to process the data from the accelerometers; (3) the cerebral palsy athletes (seven participants) used the accelerometer (they liked it), but their results have not been processed due to their motor problems.
Equipment
Objective monitoring of PA, using body worn accelerometers and pedometers, has advanced greatly in recent years. In this study, the researcher used an accelerometer ActiGraph GT3X [29] .
PA can be quantified in a variety of ways. It is often categorized by type, intensity, frequency and duration, as well as by the environmental and social conditions under which it takes place [30] . Consequently, PA may be expressed in terms of energy expenditure (Kcal, Kcal/kg/hr, or METs (metabolic equivalent of energy)), or alternatively in terms of the time period of activity (hours or minutes) or in units of movement (counts or steps). The ActiGraph's new GT3X activity monitor uses a solid state triaxial accelerometer to collect motion data on three axes for the highest level of analytic capabilities available. The GT3X is lightweight and compact, weighing 27 grams and measuring 3.8 cm × 3.7 cm × 1.8 cm. The ActiGraph GT3X worn on the waist provides PA measurements such as activity counts, step counts, energy expenditure, activity levels, etc. The ActiGraph can also be worn on the wrist to provide general activity monitoring for the elderly or wheel-chair bound individuals.
Placement of Monitor
During the monitoring, the participants wore the accelerometer (GT3X) on their right hip. Athletes and their coaches were informed about how to wear and handle the monitor (water protection, sleeping time, etc.). They understood and liked it and were proud to use it.
Program Design (Special Olympic Local Program Schedule)
The Athletics Games in Olomouc were held on Aug. 23rd to 26th 2009 as the SONAC, when the flora festival (flower exhibition) was opened in the city of Olomouc. The games were held over four days. On the first afternoon (Aug. 23rd), the Healthy Athletes program, including the application of the accelerometer was organized. The athletes had the chance to go for a walk and visit the flower exhibition. On the second day (Aug. 24th), only preliminary competitions took place, and on the third day (Aug. 25th), only final competitions and medal ceremonies took place. The event culminated with a disco-party. The schedule for two days of activity is exactly the same, which means that the Special Olympic athletes took part in the same games at the same time during these 2 days. The games started at 9:00 in the morning and finished at about 14:45 in the afternoon. Table 2 shows the athletics games events in Olomouc.
According to Special Olympics Athletics rules [31] , the athletic events are divided into high-level and low-level events. The regulation reflects athletes' ability and their safety. Athletes can compete either in a combination of high-level (2 events plus relay) or low-level (2 events) events. The high-level events and the low-level events are shown in Table 3 below.
Data Collection
The ActiGraph GT3X monitor was assigned to every participant to record their daily PA level when they registered for the competition (the first afternoon). Data was recorded during the two days of the athletics competition, both during the competition and in the athletes' daily activity out of competition, including the disco-party on the final evening. The ActiGraph GT3X monitors were worn when the athletes got up in the morning until they went to bed at night. Coaches were informed how to handle this equipment and how to wear and care for it. After the SONAC, the ActiGraph GT3X monitors were collected from the coaches and the data was downloaded using a USB 2.0 connection to a computer, using ActiLife 4.1 software.
As the accelerometer assessment was included in the SO Healthy Athlete Program (supported by the Europe/Eurasia SO HA Board), parents and/or caregivers were informed and signed consent letters to allow participation in the healthy athlete assessment.
Statistical Analysis
Statistical analysis was performed using Statistica 9.0. Significance for statistical analysis was set at the 0.05 alpha level. To estimate the effect size, coefficient d was calculated.
Descriptive statistics were calculated for all variables from the ActiGraph. The duration of PA is calculated in hours, while the intensity of PA is recorded in steps/days and METs. The energy expenditure is calculated in kcal/kg/hr. The Mann-Whitney U-test was conducted to test the differences between the studied variables.
Results
The Overall PA Levels during the SONAC
Both the PA time and PI (physical inactivity) time was recorded in hours during the 2-day local event. Meanwhile, the amount of steps was also measured (Fig. 3) . The average number of the steps by both female and male athletes exceeds 10,000 steps per day, which is the recommended guideline. 
The Comparison of Energy Expenditures for Different Types of PA
Most athletes took part in two events during the SONAC; the PA of the athletes who participated in both track and field events and those who only participated in track events were compared using four variables:
(1) relative active energy expenditure per hour (RAEE/h), (kcal/kg/hr); (2) total relative energy expenditure per hour for the time of measurement (RTEE/h), (kcal/kg/hr); (3) total relative energy expenditure per hour per 24 hours (TREE/h/24), (kcal/kg/hr); (4) number of steps (number).
As shown in Table 4 , it was found that in the preliminary games only female athletes who participated in both track and field events have higher energy expenditures than those who participated in only track events in terms of RAEE/h, RTEE/h, TREE/h/24 and steps. However, it is interesting to note that in the final events (the second day), the track athletes took more steps than the track and field athletes, and a significant difference is shown especially in male athletes (Table 5) .
No significant differences were found in active energy expenditure between athletes participating in track and field events and those participating only in track events on both days. T  9 10,189 4,285 TF = track and field events; T = track events; RAEE/h = relative active energy expenditure per hour; RTEE/h = total relative energy expenditure per hour for the time of measurement; TREE/h/24 = total relative energy expenditure per hour per 24 hours; n = number of participants; M = mean; SD = standard deviation; Z = Z-score of Mann-Whitney U test; P = statistical significance; d = effect size coefficient. *P < 0.05.
To be more precise, it was selected the period of time when athletes were participating in sports activity, according to the data from the SONAC over the 2 days. The AORP (average overall relative performances) is presented in METs, and the steps related to sports activities during these two days are presented as well (Table 6 ). It is shown that the track and field athletes have higher PA intensity and took more steps during the sports activities.
The Comparison of PA Levels between High-Level Events and Low-Level Events
While comparing the time for vigorous/moderate/light/sedentary activity between high-level athletic events and low-level events, it was obvious that the athletes who participated in high-level events spent more time taking part in vigorous activity during both the preliminary and final days. This means that athletes with a higher sporting ability have a higher PA level than those with a lower sporting ability (Tables 7 and 8 ). No statistical significance was found when comparing male-female findings.
Discussion
The main aim of this study was to measure PA using an accelerometer in athletes with a mental disability during a Special Olympic National Athletic Competition, and to analyze the level of PA in relation to different events and the gender of the participants. T  9 13,671 5,711 TF = track and field events; T = track events; RAEE/h = relative active energy expenditure per hour; RTEE/h = total relative energy expenditure per hour for the time of measurement; TREE/h/24 = total relative energy expenditure per hour per 24 hours; n = number of participants; M = mean; SD = standard deviation; Z = Z-score of Mann-Whitney U test; P = statistical significance; d = effect size coefficient. *P < 0.05. Table 6 The average overall relative performances and steps during the sports activities during the SONAC-2 days. 1,830 TF = track and field events; T = track events; AORP = the average overall relative performances; n = number of participants; M = mean; SD = standard deviation; Z = Z-score of Mann-Whitney U test; P = statistical significance; d = effect size coefficient. *P < 0.05. .04 H = high-level sports athletes; L = low-level sports athletes; n = number of participants; M = mean; SD = standard deviation; Z = Z-score of Mann-Whitney U test; P = statistical significance; d = effect size coefficient. *P < 0.05.
From previous studies, Temple et al. [23] indicated that less than one-third of adults with an intellectual disability are sufficiently PA to meet health promotion guidelines for PA, and Shield et al. [26] found that only 42.1 % of children completed at least 60 minutes of MVPA (moderate to vigorous physical activity) each day. However, it was found that during the two days of the SONAC, the average time the athletes spent taking part in MVPA was over 60 minutes, and the total steps taken exceeded the guideline of 10,000 steps per day as well, which is relevant to the general recommendation [24, 28] . Besides the amount of steps the athletes took, they stayed active for 60% of the day. All the evidence above indicates that the Special Olympic program, as a well-planned exercise program, can help people with a mental disability live an active lifestyle, which is in line with the findings from Johnson [21] , who states that children and adolescents with mental disabilities derive health benefits from participation in group exercise programs. It is necessary to take in account that the positive results were completed during the Special Olympics competition. Similar activity should be achievable everyday with Special Olympics training. Vá lková [8] wrote that 53 minutes of PA per day is possible to achieve with trained educators-coaches.
As we know, aerobic exercises and anaerobic exercises have different effects on the human body. Therefore, we grouped Special Olympic athletes into a track events group (aerobic exercise domain) and a track and field events group (both aerobic and anaerobic exercise domain) to see if any differences exist between these two groups. It is interesting to note that on the preliminary day, the female track and .46 H = high-level sports athletes; L = low-level sports athletes; n = number of participants; M = mean; SD = standard deviation; Z = Z-score of Mann-Whitney U test; P = statistical significance; d = effect size coefficient. *P < 0.05. field group had higher energy expenditure than the track group, but on the final day the results were the reverse, with the track group taking more steps than the track and field group.
In order to be more precise, the period of time when athletes were participating in sports activity over the two days of the SONAC was selected. The average overall relative performances and steps from the track and field athletes were significantly higher during sports activities. We can anticipate warming time before competition and then competition in track or field events.
In the Special Olympics, every effort is made to place athletes in divisions where their performance ability is no more than 15% higher or lower than others in the same division [7] , which means that the Special Olympic athletes are grouped by their sporting ability. The difference in PA between athletes who participate in high-level sports and those who participate in low-level sports is shown by the amount of time spent taking part in vigorous activity. Athletes with a higher sporting ability tend to spend more time participating in vigorous activity. It is therefore possible to justify the regulation of having lower and higher ability events, relevant to athletes' abilities, which are linked to their mental level, achieved skills and the safety process. Coaches are educated to apply this regulation.
Study Limitations
The study was undertaken during the SONAC in the Czech Republic. The number of athletes from each group was small, just 50 male and 25 female athletes. The data is relevant only to special competitive situations. The energy expenditure and PA levels of these athletes during their daily life is not sufficient. Nevertheless, the presented idea is the first to use an accelerometer to compare PA during a SONAC.
Conclusion
The purpose of the presented research project was to provide information about PA of Special Olympic athletes during a two-day athletics (track and field) competition.
Athletes, both male and female, were physically active for around 60% of the day. Similar results were found on both days: during the preliminary competition and during the final competition. The amount of steps per day is in keeping with the general recommendation (10,000). It means athletes met the recommended PA level, and they were relatively active during the SONAC. No significant differences were found in active energy expenditure between athletes participating in track and field events and those participating only in track events on both days. Athletes who participated in high-level events spent more time taking part in vigorous activity during both the preliminary and final competitions, which means athletes with a higher sporting ability have a higher PA level than those with a lower sporting ability. In spite of the visual differences between the male-female findings, no statistically significant differences were confirmed. The inclusion in athletic events (lower level event) is more strongly linked to an athlete's mental level rather than gender or preliminary and/or final day of competition. Even though the research study is limited to 50 male and 25 female athletes and two days of Special Olympic competition, the results can lead to continuous research and further optimize the development of PA programs for people with a mental disability.
